ABSTRACT: Four compounds were isolated from the methanol extract of leaves of Glycosmis pentaphylla. The structures of the isolated compounds were solved as epi-oleanolic acid (1), β-amyrin (2), spinasterol (3) and arborinine (4) by extensive spectroscopic studies, including high field NMR analyses as well as co-TLC with authentic samples. This appeares to be the first report of their occurrence from Glycosmis species.
INTRODUCTION
Glycosmis pentaphylla (Retz.) DC (Bengali name-Motmoti/Daton; Family-Rutaceae) is a small evergreen tree or shrub which grows to a height of 5 metres and widely distributed in tropical forests at low altitudes in Bangladesh, India, China, Thailand, Malaysia, Indonesia and Phillipines. 1 G. pentaphylla is a medicinal plant, various parts of which are used during confinement, in intestinal ailments, anaemia and jaundice. 2 It was found to possess anti-pyretic, antimicrobial, anthelmintic, anti-inflammatory and cytotoxic activities. [2] [3] [4] Previously alkaloids and diglycoside acyl esters have been isolated from the root and bark of this plant. 5 Its stem has also been reported as a rich source of flavonoids, naphthoquinone and acridone alkaloids. As a part of our continuing studies with medicinal plants of Bangladesh, 6, 7 we investigated G. pentaphylla and we, herein, report epi-oleanolic acid (1), β-amyrin (2), spinasterol (3) and arborinine (4) from G. pentaphylla for the first time. 
MATERIALS AND METHODS

General.
1 H NMR spectra were acquired using Ultra Shield Bruker 400 NMR instrument using CDCl3 and the chemical shifts are reported in ppm with respect to TMS or residual non deuterated solvent signals.
Plant material. Leaves of G. pentaphylla were collected from National Botanical Garden, Dhaka, Bangladesh in March 2013. The plant was taxonomically identified at Bangladesh National Herbarium, Dhaka, where a voucher specimen has been deposited. The leaves were first sun dried and then ground into a coarse powder using a grinding machine.
Extraction and isolation. The powdered leaf (1 kg) was soaked in 3.0 L of methanol for 7 days and then filtered through a cotton plug followed by Whatman filter paper number 1. The extract was concentrated with a rotary evaporator and an aliquot (10 g) of the concentrated methanol extract was then subjected to vacuum liquid chromatography (VLC). 8 The column was packed with silica gel (Kiesel gel 60H) under vacuum and after application of sample, the column was eluted with pet-ether, followed by mixtures of pet-ether and ethyl acetate as well as ethyl acetate and methanol mixtures in order of increasing polarities to provide 25 fractions, each 100 ml. Compound 1 was isolated as colorless gum from VLC fraction-5 of the methanol extract which was further purified by preparative thin layer chromatography (PTLC) using 1% ethyl acetate in toluene, while by using the same solvent system for PTLC, compound 2, as a colorless mass and compound 4, as yellow gummy residue, were obtained from fraction-8 and fraction-3, respectively.
A portion (5 g) of the concentrated methanol extract was fractionated by the modified Kupchan partitioning protocol into pet-ether (0.65 g), carbon tetrachloride (0.55 g), chloroform (0.30 g) and aqueous (2.5 g) soluble materials. The carbon tetrachloride soluble partitionate was chromatographed over silica gel (Kiesel gel 60H, mesh 70-230) and the column was eluted with pet-ether followed by mixtures of pet-ether and ethyl acetate in order of increasing polarities. Compound 3 was obtained as white gum from the column fractions eluted with 10% ethyl acetate in pet-ether.
Properties of isolated compounds
Epi-oleanolic acid (1) 
RESULTS AND DISCUSSION
A total of four compounds were isolated from the methanol extract and its carbon tetrachloride soluble fraction of leaves of G. pentaphylla by repeated chromatographic separation by VLC followed by further purification by PTLC. The structures of the isolated compounds were solved by NMR data analysis. NMR spectral data of compound 1 were almost identical to those published for oleanolic acid. 9 The major difference between oleanolic acid and compound 1 was the coupling pattern observed for C-3 proton. In compound 1, H-3 appeared as a weakly coupled singlet with a small width half (W1/2) in contrast to a double doublet (J =11.4, 4.4 Hz) in oleanolic acid.
This revealed that the hydroxyl group in compound 1 was α-oriented and thus H-3 was at the beta (β) position. On this basis, compound 1 was characterized as epi-oleanolic acid, the identity of which was further confirmed by comparison of its spectral data to that of epi-oleanolic acid 10 as well as by co-HPTLC with authentic sample. 16 (m) which were assigned to the trans-olefinic protons at C-22, C-23 and H-7, respectively. The typical oxymethine proton in the steroidal compound was evident as a multiplet at δ 3.66 which could be accounted for H-3. On the basis of the above spectral data, compound 3 was characterized as spinasterol 13 which has been confirmed by co-TLC of compound 3 with a previously isolated authentic sample.
The 13 C NMR spectrum (100 MHz, CDCl3) of compound 4 displayed a total of 16 carbon resonances, including an N-CH3 signal at δ 34.1 and a carbonyl group at δ 180.8. The DEPT spectrum indicated that out of the 16 carbons in compound 4, 8 had attached protons. The 1 H NMR spectrum (400 MHz, CDCl3) of compound 4 revealed signals characteristic of a polycyclic acridone-type alkaloid, where two of the three hydroxyl groups were methylated (OMe). It further displayed signal for a chelated hydroxyl group at δ 14.50. The spectrum also showed a highly characteristic ABCD spin system with four aromatic proton resonances at δ 7.51, 7.73, 7.25 and 8.45, which could be assigned to four adjacent protons H-5, H-6, H-7 and H-8 on ring C, respectively. The sharp singlet at δ 6.27 was attributable to the aromatic proton at C-4 of ring A. On the other hand, the three proton singlet at δ 3.84 could be assigned to N-CH3. This was substantiated by the 13 C resonance at δ 34.1. Two sharp singlets, each of three proton intensity, at δ 3.92 and 4.01 were ascribed to two methoxyl groups. The 13 C NMR spectrum further showed two methoxyl carbons resonating at δ 56.0 and 60.8. The high field value at δC 56.0 was assigned to the sterically hindered methoxyl group at C-2, while that at 60.8 could be attributed to C-3 methoxyl group. The signal at δ 180.8 clearly showed that the C-9 position had a ketonic functionality. The above spectral features are in close agreement to those observed for arborinine.
